Objective: There is still controversy regarding the effects of aging on evoked otoacoustic emissions (EOAEs), as well as on the efferent system measured by contralateral acoustic stimulation of EOAEs. The purpose of this study was to investigate the deterioration in EOAEs and efferent suppression (ES) in a representative sample statistically controlling for the differences in hearing thresholds. Methods: Seventy-one ears (20-79 years) were included in the study, 47 of which had normal hearing thresholds, and 24 ears had a sensorineural high-frequency hearing loss caused by presbycusis. The effects of aging on transient evoked (TEOAEs) and distortion product OAEs (DPOAEs), and on ES were evaluated using multiple regression and correlation coefficients. Results: EOAEs and ES were more strongly correlated with age, than with pure-tone thresholds (PTTs). Moreover, the increase in the amount of variance explained by the regression model using both predictors was larger for PTTs as compared to the variable age. Conclusions: The deterioration of EOAEs and ES with advancing age is caused mainly by pure age-effects, and additionally by the reduction in hearing thresholds. Significance: The relative contribution of age and hearing thresholds on EOAEs, as well as on ES is important for their interpretation in clinical settings.
Introduction
Age-related hearing impairment refers to hearing loss in elderly people due to aging and other processes occurring during lifetime (Jones and Ludman, 1998) . It results in reduced hearing sensitivity and speech understanding in noise, reduced central processing capability and impaired sound localization due to peripheral and/ or central auditory system dysfunction (Willott, 1991) . Beside age-related changes in outer and middle ear, the more prominent histopathologic findings are found in the inner ear (Gates and Mills, 2005) which were classified by Schuknecht into sensory, neural, metabolic, mechanical, and indeterminate presbycusis (Schuknecht, 1993) .
These age-related cochlear changes might affect the function of cochlear amplifier and/or medial olivocochlear system which can both be examined using otoacoustic emissions (OAEs). Literature regarding age-related changes in evoked OAEs (EOAEs) is equivocal, mainly due to the difficulty distinguishing age-related reduction in EOAEs from the influence of hearing threshold deterioration. Some authors concluded that these changes are solely age-dependent (Bonfils et al., 1988; Collet et al., 1990b; LonsburyMartin et al., 1991; Uchi et al., 1994; Satoh et al., 1998; Dorn et al., 1998; Parthasarathy, 2001; Quaranta et al., 2001; Yilmaz et al., 2007; Uchida et al., 2008) , only caused by deterioration in hearing thresholds (Stover and Norton, 1993; Avan and Bonfils, 1993; Karzon et al., 1994; Castor et al., 1994; Prieve and Falter, 1995; Strouse et al., 1996; Bertoli and Probst, 1997; Kim et al., 2002; Stenklev and Laukli, 2003; Mukari and Mamat, 2008) , or the result of the combined effects of age and peripheral hearing loss (Oeken et al., 2000) . However, knowledge regarding the age-thresholds dependency on EOAE amplitudes is important to determine if age-adjusted normative values of EOAEs are necessary.
Besides their relevance in the evaluation of OHC function, OAEs can be used to test noninvasively the functioning of the medial olivocochlear system (MOS) (Collet et al., 1990a) . OHCs receive efferent innervation from the MOS that alter the active micromechanics of the cochlea (Veuillet et al., 1991; Maison et al., 1997) . This inhibitory effect leads to a decrease in OAE amplitude when activated by contralateral acoustic stimulation (CAS) (Veuillet et al., 1991;  
